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Abstract
Background: The success of chlamydia screening programmes relies on their ability to effectively target those with
greatest need. Young people from disadvantaged backgrounds may be at greater need for chlamydia screening,
but existing evidence on the variation of prevalence with social position is inconclusive. We carried out a systematic
review to examine variation in chlamydia prevalence in populations and possible sources of this variation.
Methods: Studies were eligible if they reported chlamydia prevalence derived from population-based samples that
included young people aged 15–24 years from Europe, North America or Australia. Systematic searches of the
following databases were undertaken from their inception to November 2014: MEDLINE, Embase, Web of Science
and PsychINFO. There were no restrictions by language or publication date. Independent screening for eligibility
and data extraction were carried out by two reviewers. Where possible, data were pooled in a meta-analysis using a
random effects model. Heterogeneity was further investigated using meta-regression techniques.
Results: Of 1248 unique titles and abstracts and 263 potentially relevant full texts, 29 studies were eligible for
inclusion. There was relatively strong evidence that disadvantaged young people had an increased risk of having a
chlamydia infection across multiple measures of disadvantage, including lower educational attainment (OR 1.94,
95 % CI: 1.52 to 2.47), lower occupational class (OR 1.49, 95 % CI: 1.07 to 2.08) and residence in deprived areas
(OR 1.76, 95 % CI: 1.15 to 2.71) with an overall OR of 1.66 (95 % CI: 1.37 to 2.02). Socioeconomic disadvantage was
associated with chlamydia infection in both men and women. There was weaker evidence that prevalence
estimates also varied by gender and age.
Conclusions: This review provides evidence of a consistent association between socioeconomic disadvantage and
higher risk of Chlamydia infection. This association may reflect a number of factors including social variation in
engagement with Chlamydia control programmes. Chlamydia screening could therefore reduce or increase health
inequalities, depending on service provision and uptake by different socioeconomic groups.
Keywords: Chlamydia, Sexually transmitted infections, Young people, Socioeconomic inequalities, Systematic
review
* Correspondence: john.macleod@bristol.ac.uk
2School of Social and Community Medicine, University of Bristol, Oakfield
House, Oakfield Grove, Bristol BS8 2BN, UK
Full list of author information is available at the end of the article
© 2015 Crichton et al. This is an Open Access article distributed under the terms of the Creative Commons Attribution License
(http://creativecommons.org/licenses/by/4.0), which permits unrestricted use, distribution, and reproduction in any medium,
provided the original work is properly credited. The Creative Commons Public Domain Dedication waiver (http://
creativecommons.org/publicdomain/zero/1.0/) applies to the data made available in this article, unless otherwise stated.
Crichton et al. BMC Public Health  (2015) 15:729 
DOI 10.1186/s12889-015-2069-7
Background
The success of chlamydia screening programmes is likely
to depend on their ability to effectively reach individuals
at greater risk of chlamydia [1]. In England, recent policy
guidance for the National Chlamydia Screening Pro-
grammes seeks both to increase the proportion of
screening participants who test positive and to ensure
high levels of coverage [2]. Information on the distribu-
tion of risk of chlamydia infections in populations can
be used to inform screening strategy and the impact of
particular strategies can be monitored directly or ex-
plored through modeling [3–8]. Screening programmes
that fail to reach those at greatest risk may exacerbate
existing health inequalities [9].
Socioeconomic position has been considered as a poten-
tial source of variation in chlamydia prevalence [4, 5, 10].
Although there is substantial evidence of socioeconomic
inequalities in other aspects of sexual health [11, 12], evi-
dence is less clear as to whether this is true for chlamydia
infections. A previous qualitative systematic review found
inconclusive evidence that chlamydia infections vary by
socioeconomic position [10].
Surveillance data on positivity among chlamydia screen-
ing service users suggests that risk of infection is higher
among women than men and is higher among men aged
19 to 24 years than younger men [8, 13, 14]. However, rou-
tine health service data are unlikely to yield valid estimates
of true prevalence in the general population, because those
who use health services may differ systematically from
those who do not, and data on non-users are usually un-
available [15–18]. Population-based studies based on repre-
sentative samples are the observational method with the
greatest level of external validity for estimating prevalence
and the distribution of risk of infection in a population.
However, population-based studies provide wide variations
in prevalence estimates, sometimes even in the same popu-
lation, and are often underpowered to identify any differ-
ences by population sub-group (e.g., as defined by gender
or age [15–17]). Various types of participation bias, result-
ing from differential participation in studies of individuals
with different risks of infection, may lead to variations in
population-based prevalence estimates. This question has
not previously been the subject of systematic study.
This review aims to identify population-based studies
of chlamydia infection in women and men aged 15–24
years in higher income countries of Europe, North America
and Australia. These settings were chosen as they all have
Chlamydia control programmes focused on this age group
involving population testing and antibiotic treatment.
We further aimed to examine evidence for variation in
risk of infection by factors that may have implications
for design of control programmes such as gender, age
and socioeconomic position and variation by study
characteristics that may be indicators of potential for
selection bias such as response rate, and sexual health
or general health study focus.
Methods
Search strategy
PRISMA guidelines were followed throughout this sys-
tematic review [19], which was conducted using an a
priori protocol. Search strategies suitable for each bib-
liographic database were developed using a combination
of special index search terms (including medical subject
headings (MeSH)), text word searches of titles and ab-
stracts, and synonyms for genital chlamydia infection,
population-based studies and prevalence. Search strategies
were reviewed by a librarian with bibliographic database
expertise and refined accordingly. Details on the searches
are provided in an additional file (Additional file 1). We
carried out searches of MEDLINE (1950 to the present),
Embase (1974 to the present), Web of Science (1900 to
the present) and PsychINFO (1987 to the present) from
their inception to 14th November 2014. An additional
hand search of references cited by relevant papers and sys-
tematic reviews was carried out by one reviewer (JC). All
publications identified by the searches were imported into
the Endnote X7.1 reference management software [20].
Study selection
The eligibility criteria for this review were studies that:
(i) were population-based (defined as universal or ran-
dom sampling of individuals from a sampling frame that
closely matched the general population in a defined geo-
graphical area); (ii) included young people aged 15–24
years; (iii) were undertaken in Europe, North America
or Australia; (iv) provided original data on prevalent
chlamydia infection detected by laboratory diagnostic
test. There were no restrictions by language or publica-
tion date. Studies based on non fee-paying public sector
schools were also eligible for inclusion.
Two reviewers (JC and HB-F) independently screened
titles and abstracts of 1248 candidate studies and the full
texts of 263 considered to be potentially eligible for in-
clusion. One author (JC) carried out quality appraisal
using the Critical Appraisal Skills Programme (CASP)
checklist for appraising cohort studies [21], which was
adapted to serve the aims and research question for this
study. Due to the observational nature of the primary
studies, quality appraisal was primarily undertaken to
highlight potential sources of bias. No studies were ex-
cluded because of risk of bias.
Data extraction
Information was extracted by one reviewer (JC) on: type
of study, year of data collection, specimen type, diagnostic
test, age group and gender of participants, response rate,
number of individuals tested, and results. This was double
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checked by another (HB-F). Data were extracted by gen-
der where this was reported in the original study. If stud-
ies did not report this, data were extracted for men and
women combined. For socioeconomic measures, data on
the most and least socially disadvantaged subgroup were
extracted, taking the least disadvantaged as the reference
group. Socioeconomic measures were grouped as follows:
i) measures of young person’s educational opportunities
or achievement (ie number of years of schooling, or
academic v vocational high school); ii) measures of
young person’s occupation or employment (unemployed v
employed in USA and Croatia, measure of occupational
class in UK); iii) neighbourhood measure of deprivation
(the UK Government’s Index of Multiple Deprivation);
and iv) measures of parental income, education and/or
employment. Additional information on socioeconomic
measures used in included studies and comparator groups
for these is provided in (Additional file 2). Unreported
sample sizes, response rates, standard errors and odds
ratios were calculated using data reported in retrieved
papers. The characteristics of the studies were presented
in tables and grouped according to geographical area.
Adjusted Odds Ratios (ORs) were used where available,
otherwise unadjusted ORs were used.
Statistical analyses
Heterogeneity, or the percentage of variation between
studies that cannot be attributed to within-study vari-
ation, was estimated using the Q statistic and the I2 stat-
istic [22]. Evidence of heterogeneity was categorised as
weak, moderate or strong, based on an I2 greater than
20 %, 50 % and 80 %, respectively. Random effects
models were used to generate summary statistics where
heterogeneity was weak or moderate. Heterogeneity in
prevalence estimates was investigated by stratifying
meta-analyses by gender and type of socioeconomic pos-
ition measure and by meta-regression. Stratifying by type
of diagnostic test was also planned, but too few studies
were identified that involved low sensitivity diagnostic
tests for this to be possible. Heterogeneity in estimates
of associations between prevalence and socioeconomic
position was investigated by stratifying meta-analyses by
type of socioeconomic position measure and gender. For
meta-regression analysis, dummy study-level explanatory
variables were created for gender, age (binary measure of
age of the majority of participants: under versus over
20 years old), region (Europe versus other regions), re-
sponse rate (continuous variable), topic of study (binary
measure: general health or a sexual health study), sample
size (continuous variable) and the timing of data collec-
tion. The latter involved a binary variable of before or
after 2006, which was used as an approximate measure
of whether the study was carried out before or after
screening policies for chlamydia were widely introduced
[23, 24]. The topic of the study was potentially import-
ant as a sexual health focused study may have a different
response pattern to a general health study. It was not
possible to include socioeconomic position in the meta-
regression analyses due to missing or incompatible
dummy variable data. The proportion of the sample with
positive results was used as the dependent variable and
study-level factors as the independent variables. There
was insufficient power to test for interactions between
factors such as gender and age.
Results
Thirty-six papers relating to twenty-nine population-based
studies of chlamydia prevalence were identified (Fig. 1).
Of these, 14 studies examined variation in prevalence
by socioeconomic position. Reasons for study exclusions
of full texts included: lack of new positivity results (n =
47); not population-based (57); geographical ineligibility
(95); selective sampling of high risk geographical areas
(7), and; modelling studies or reviews (21).
The main characteristics of the included studies are
described in Additional file 2. All studies were single
country. Three (10 %) studies were carried out in the
UK, nineteen (65 %) were from elsewhere in Europe
(Belgium, Croatia, Denmark, Estonia, France, Germany,
the Netherlands, Norway, Spain, Slovenia, Sweden), six
(21 %) were from the United States of America (USA)
and one was from Australia. Nine (31 %) of the studies
were household surveys, ten (34 %) were postal screen-
ing surveys or trials of postal screening, four (14 %) were
school-based surveys, and six (21 %) used other methods
(four combined postal invitation and clinic-based data
collection, one used mixed sampling methods and one
was a birth cohort study). The majority of studies (24,
83 %) focused on sexual health, whereas five (17 %) stud-
ies examined health more broadly.
Twelve out of 27 (40 %) of the studies were assessed
to be ‘high risk’ that the results were due to bias or
chance, 16 (55 %) as ‘medium risk’ and only one study
was assessed to be ‘low risk’. Risk of selection bias was a
particularly common problem, with 24 studies (83 %)
assessed to be at high or medium risk of having selection
bias. Additional file 3 provides the risk of bias and rele-
vance assessment for the included studies.
Association with educational measures
Ten studies examined the relationship between educa-
tional opportunity or attainment of the respondent and
their odds of having chlamydia infection [4, 25–33]. In
most cases, educational attainment was measured by
number of years in education or high school graduation.
In two studies, general, academic or art schools were
compared with technical and vocational schools [27, 33].
Combined results showed evidence of an association
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between lower educational opportunities/attainment and
increased risk of chlamydia infection (Combined OR
1.94, 95 % CI: 1.52 to 2.47, I2 = 28.7 %, p = 0.149)
(Fig. 2, panel a). Subgroup analysis by gender was carried
out to examine whether associations varied between
men and women. Combined effect estimates were simi-
lar for observations based on men, women and for stud-
ies reporting results for both sexes combined, although
evidence of heterogeneity varied (Combined OR 1.89,
95 % CI: 1.24 to 2.89, I2 = 42.1 %, p = 0.141 in women;
Combined OR 1.75, 95 % CI: 1.18 to 2.58, I2 = 0.0 %,
p = 0.692 in men; Combined OR 2.22, 95 % CI: 1.28 to
3.87, I2 = 59.1 %, p = 0.062 in both sexes).
Three studies examined chlamydia infections by the
occupation or employment of the respondent
[4, 34, 35]. Results for an association with chlamydia in-
fection were equivocal for occupational class in men or
women in Britain [34] but stronger for measures of
unemployment in household surveys in Croatia and the
USA [4, 35]. Combining estimates gave evidence of an
association between lower occupational class or un-
employment and chlamydia infection (Combined OR 1.49,
95 % CI: 1.07 to 2.08, I2 = 29.7 %, p = 0.223) (Fig. 2, panel
b). There were too few studies to stratify results by gender.
Three studies, all from the UK, examined associations
between area deprivation and chlamydia infections
[32, 36, 37]. Across both genders, there was evidence
of an association between increased neighbourhood
deprivation and chlamydia infection (Combined OR 1.76,
95 % CI: 1.15 to 2.71), although there was substantial
evidence of heterogeneity (I2 = 73.6 %, p = 0.004)
(Fig. 2, panel c). There were too few studies to stratify
results by gender.
Four studies examined chlamydia prevalence using mea-
sures relating to the respondent’s parents. These included
parental income, occupation or education [32, 33, 38, 39].
Fig. 1 Flow diagram of records identified, included and excluded
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There was considerable evidence of heterogeneity
(I2 = 76.1 %, p = 0.002) and no evidence of an association
after pooling estimates (Combined OR 0.97, 95 % CI: 0.43
to 2.21). Two studies from the UK and the USA provided
evidence of an association between parental socioeco-
nomic position and chlamydia infection in both sexes, but
there were equivocal results among women in Germany
[38]. In rural Norway, lower maternal education was asso-
ciated with decreased odds of having chlamydia in women
but not in men [33].
Prevalence and other sources of heterogeneity
Overall, there was strong evidence of heterogeneity in
prevalence estimates for men (p < 0.001, I2 = 92.2 %) and
for women (p < 0.01; I2 = 91.9 %). Evidence of heterogeneity
among European studies remained strong after stratifying
by gender, age group and region (p < 0.001, I2 = 82.4 % in
women aged under 20 years; I2 = 83.3 %, p < 0.001 in
women aged over 20 years; I2 = 85.5 %, p < 0.001 in men
aged under 20 years and I2 = 80.5 %, p < 0.001 in men aged
over 20 years) and by response rate and overall risk of bias
Fig. 2 Odds ratio for chlamydia infection by socioeconomic position measures
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assessment. There were too few observations among sub-
groups outside Europe to synthesise results.
Across studies of prevalence within and outside Europe,
estimates of prevalence ranged between 0.6 % (95 % CI 0,
3.5) and 10.7 % in young women and between 0 % and
6.7 % (95 % CI 5.0, 8.8) in men (Table 1). Even within indi-
vidual countries, age- and gender-specific prevalence esti-
mates varied between studies by a factor of 2 or 3
[26, 28, 30–32, 36, 37, 39–45].
Chlamydia prevalence estimates were higher in women
than men in most studies [25, 26, 28, 32–34, 36, 37, 39,
40, 46, 47]. However the confidence intervals between
the sexes almost always overlapped, with the exception
of under 20 year olds in four studies from Britain,
Germany, the Netherlands and USA (NHANES 1999–
2002) [28, 37–39].
Nine studies enabled comparison of prevalence by age
[26, 29, 31, 36, 37, 39, 43, 45, 48]. Some of these studies
suggested that prevalence estimates in young men may
vary considerably by age, remaining low in those aged
under 20 years before peaking at 20–24 years. Preva-
lence was greater in men aged over 20 years in five stud-
ies [26, 36, 37, 45, 48], similar in one [28] and greater in
men aged 18 to 21 years in another [29]. There appeared
to be less of a difference for women. In women, preva-
lence peaked in those aged under 20 years in three stud-
ies [28, 29, 37], was similar in another two [30, 36] and
peaked in women aged over 20 years in one study [26].
The confidence intervals between age groups overlapped
in most studies.
Potential sources of heterogeneity in prevalence were
further explored using meta-regression analysis. Gender
and age were were associated with prevalence in both
univariable and mutually adjusted models (adjusted risk
difference (RD) 0.011, 95 % CI: 0.001 to 0.021) for fe-
male sex and RD 0.011, 95 % CI: 0.000 to 0.022 for age
over 20 years) (Table 1). There was no evidence that re-
gion, date or topic of study, response rate, or number of
young people tested were associated with prevalence es-
timates. The adjusted R2 for the multivariable regression
model was 21.5 % and the residual I2 was 79.2 %, indicating
that considerable residual variation between prevalence
estimates remained.
Discussion
Key findings
Our systematic review found strong evidence of an asso-
ciation between chlamydia infection and socioeconomic
position in both men and women (Combined OR: 1.66,
95 % CI: 1.37 to 2.02). Pooled results were equivalent
to a doubled risk of chlamydia infection for those with
lower educational attainment (Combined OR: 1.94,
95 % CI: 1.52 to 2.47). Risk of infection was also greater
in those with lower occupational class or unemployment
and greater area deprivation. No association was found be-
tween chlamydia infection and parental or household
measures of income, occupation or education.
There was considerable variability in the prevalence of
chlamydia between population-based prevalence studies.
This variation presumably in part reflects differences in
Table 1 Results of meta-regression models for the influence of study and subgroup characteristics on prevalence estimates
(risk scale)
Study/subgroup
characteristics
Number
of
observ-
ations
(studies)a
Unadjusted model Mutually adjusted
Risk difference
(95 % confidence interval)
p value
Risk difference
(95 % confidence interval)
p value
Gender Men 24 (17) 1 1
Women 28 (20) 0.010 (0.000, 0.020) p = 0.043 0.011 (0.001, 0.021) p = 0.031
Age Under 20 24 (12) 1 1
Over 20 28 (15) 0.013 (0.004, 0.023) p = 0.008 0.011 (0.000, 0.022) p = 0.048
Region Europe 44 (17) 1 1
Outside Europe 8 (4) 0.004 (−0.010, 0.018) p = 0.577 0.012 (−0.005, 0.030) p = 0.160
Response rate
(per 10 % increase)
52 (21) 0.000 (−0.003, 0.003) p = 0.981 0.000 (−0.004, 0.004) p = 0.998
Study topic General health 9 (4) 1 1
Sexual health 43 (17) 0.009 (−0.004, 0.021) p = 0.165 0.010 (−0.006, 0.027) p = 0.208
Date Before 2006 37 (17) 1 1
After 2006 15 (5) −0.001 (−0.013, 0.011) p = 0.830 0.003 (−0.008, 0.015) p = 0.558
Number tested
(per 1000 increase in sample)
52 (21) 0.001 (−0.003, 0.004) p = 0.775 0.000 (−0.004, 0.004) p = 0.985
aThe number of studies adds to more than 21 for gender, age and date of study because some studies reported multiple prevalence estimates for these variables
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populations and underlying prevalence between coun-
tries. However, there were also variations in estimated
prevalence within populations. Evidence of heterogeneity
remained strong, even after stratifying meta-analyses by
gender, age and region. Prevalence estimates in young
men were lower in those aged under 20 years than 20 to
24 year olds in some studies but tended to be similar in
women aged under and over 20 years.
Meta-regression suggested that age and gender may
contribute to the heterogeneity of prevalence estimates.
Interpreted on the prevalence scale, multivariable meta-
regression suggested that prevalence is on average 1.1 %
(95 % CI 0.1 to 2.1 %) higher in women than men and
1.1 % (95 % CI 0.0 to 2.2 %) higher in 20 to 24 year olds
compared to under 20 year olds. However, the variables
included in the regression model explained only a mod-
est amount of the between-observation variance (ad-
justed R2 = 21.5 %) and strong evidence of residual
variation due to heterogeneity remained (I2 = 79.2 %).
Other potential sources of heterogeneity include the
residual influence of study characteristics such as non-
response bias, sampling bias and differences in true
prevalence between populations.
Strengths and limitations
Strengths of our review include use of a pre-specified
protocol, a systematic and comprehensive search strat-
egy tailored to each bibliographic database, inclusion
only of population-based studies of prevalence using an
objective diagnosis of chlamydia infection, duplicate eli-
gibility screening and data entry, and the lack of exclu-
sions based on language or publication date. It was also
possible to explore sources of heterogeneity using meta-
analysis and meta-regression.
A challenge experienced in our review was the strong
evidence for heterogeneity between studies even after
stratifying by gender, age, and geographic region, which
lead us to conclude that pooled estimates of prevalence
would not be valid. Potential sources of heterogeneity
between studies included study design, measurement
of socioeconomic position, categorisation of reference
groups and analysis of confounding. Differences in age
groups and other variables between studies also lim-
ited the comparability of observations and prevented
inclusion of socioeconomic position in meta-regression
analyses. Ethnicity and level of urbanisation are other
factors that may contribute to variation in prevalence
between populations [4, 28], but were beyond the scope
of the review.
The reliability of prevalence estimates in our review
is limited by the risk of bias in the studies included.
Overall, 95 % of the studies were assessed to be high or
medium risk of important bias, particularly selection bias,
in their estimates. Unfortunately, most studies included in
this review had a lack of data on non-responders, which
meant that it was not possible to adjust estimates for
non-response using multiple imputation, inverse probabil-
ity weighting or other statistical approaches to missing
data [32].
Meta-regression suggested an explanation for only a
small proportion of the between study variation in
prevalence estimates observed in this review. In addition
this approach involves the implicit assumption that true
prevalence is the same in different populations. In this
context, meta-regression mainly serves to identify hy-
potheses to be explored in future studies [49, 50]. Fur-
ther, the measures of possible sources of between study
variation used in meta-regression analyses in this review
were relatively crude and likely to themselves be subject
to measurement error. For example, response rates are
only a proxy for the potential for selection bias, and
whether or not data collection occurred before/after
2006 will only crudely index an influence of the intro-
duction of Chlamydia control programmes. There were
too few studies to robustly examine the influence of
country where the study was carried out on variation in
prevalence.
There were also limitations related to analysis of socio-
economic position in this review. Reporting bias may
have led to overestimation of associations. At least one
study [26] did not report the results of analyses where
no association was found. Other potential sources of
bias could have worked in either direction, for example
potential residual confounding and adjustment of socio-
economic position for variables that may be on the
causal pathway between exposure and outcome or con-
sequences of the outcome (such as early sexual debut,
number of sexual partners and symptoms of infection).
Five out of thirteen observations included in the meta-
analysis of educational measures were not adjusted for
potential confounders, because no positive association
was found in unadjusted analyses. In one study, the as-
sociation between parental socioeconomic disadvantage
and chlamydia was substantially attenuated and reversed
in direction after adjusting for drug taking, contraceptive
use and exposure to passive smoke [38]. In accordance
with the study protocol, adjusted estimates were used in
this review; however, both adjusted and unadjusted esti-
mates may be subject to bias.
Some health services data and studies from some set-
tings suggest that there are inequities in the burden of
chlamydia infections between ethnic groups, with higher
rates in some black ethnic groups than other black and
non-black ethnic groups [4, 8, 46, 51–53]. UK population-
based surveys have been inconclusive in this regard, which
may reflect issues related to sample size or other meth-
odological challenges [37, 51]. Chlamydia prevalence has
also been found to vary by geographic location, including
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between countries, and according to urban/rural residence
in some studies [28, 54] and between regions and cities in
the same country in others [43, 46]. Detailed consideration
of these questions is beyond the scope of this paper. Our
focus on variations in prevalence by age, gender and so-
cioeconomic position in part reflected the potential im-
portance of these demographic factors for the design of
control interventions, and was because extant evidence of
their association with chlamydia infection appeared incon-
clusive [10, 55].
Research and policy implications
The present systematic review builds on two recent re-
views [10, 55] by including more recent studies and by
using meta-analysis and meta-regression to pool results
and explore heterogeneity. One of these previous reviews
examined inequities in prevalence by socioeconomic
position and found inconclusive evidence of an associ-
ation between chlamydia infection and socioeconomic
position, concluding that a relationship cannot be as-
sumed [10]. The present review provides new evidence
that young people-specific and area-based measures of
socioeconomic position are associated with chlamydia
prevalence when pooled across studies, and finds similar
inconclusive results for parental or household measures.
The second review examined risk difference in preva-
lence between the sexes for individual studies and found
that any difference in prevalence between women and
men is likely to be modest [55]. Our systematic review
found weak evidence of differences in chlamydia preva-
lence by gender and age (under and over 20 years).
These findings were from meta-regression and are best
interpreted as hypotheses for testing in future research.
There are several possible mechanisms for socioeco-
nomic inequities in chlamydia infections. These include
lower engagement with Chlamydia control activities
amongst disadvantaged individuals. Young people from
families with lower socio-economic position may also be
at greater risk of having a chlamydia infection, because
individual, family, interpersonal, community and struc-
tural factors reduce the perceived benefits of safe sex, re-
duce consistency of condom use, reduce sexual health
service provision and use, and increase other risk factors
for unsafe sex, such as substance use, and mental health
problems [10, 56–58]. Potential reasons for gender dif-
ferences in risk for chlamydia include age differences in
sexual partnerships [59], biological differences, cervical
ectopy and use of hormonal contraceptives in women,
and circumcision in men [55]. However, apparent differ-
ences by gender may in part be due to selection bias,
which may operate in a different way in each sex [55].
Our review points to the need to monitor and address
social variation in the risk of infection, in order to avoid
the potential for screening programmes to exacerbate
inequalities [9]. In the early years of England’s National
Chlamydia Screening Programme, screening provision,
coverage and positivity were all higher in socio-
economically deprived areas than more affluent areas
[13, 60]. However, recent population-based evidence
on reported tests in the past year suggest that screen-
ing uptake is similar across all levels of neighbourhood
deprivation [37]. Our findings indicate the need for
greater uptake of screening in disadvantaged areas to
adequately address increased risk of infection. Another
potential challenge for screening programmes is en-
suring sufficient uptake of tests among people aged 20
to 24 years. This age group is more difficult to reach
than younger age groups who are more likely to be in
full-time education. Other studies suggest that chlamydia
screening uptake may be lower in men and in older age
groups [13, 37]. More may need to be done to meet the
need for screening in older men.
Conclusion
This review found strong evidence of an association be-
tween chlamydia infection and measures of socioeconomic
disadvantage, including respondent’s educational attain-
ment, employment and area-based deprivation. Prevalence
of chlamydia varied within the UK and across similar
countries, even after stratifying by age, gender and region.
There was weaker evidence that risk of infection varies by
gender and age. However, there remains uncertainty about
the role of study characteristics such as risk of bias and
study focus (general or sexual health) in driving variation
in prevalence estimates. Studies with higher response
rates, larger sample sizes and analysis of data on non-
responders may help to shed light on existing evidence
gaps. Population-based serological studies examining
the prevalence of chlamydia antibodies may also help
to improve the evidence on the extent and distribution
of infections [61].
Additional files
Additional file 1: Search Strategy. (PDF 49 kb)
Additional file 2: Characteristics of included studies, estimates of
prevalence and available data on socioeconomic position.
(DOCX 97 kb)
Additional file 3: Risk of bias and relevance assessments.
(PDF 292 kb)
Competing interests
The authors declare that they have no competing interests.
Authors’ contributions
JC, JM, MH and RC participated in the design of the study. JC designed and
carried out the bibliographic database searches. JC and H B-F screened publi-
cations for eligibility and carried out data extraction. JM and MH advised on
statistical analysis. JC performed the statistical analysis and drafted the paper.
All authors provided feedback on drafts and read and approved the final
manuscript.
Crichton et al. BMC Public Health  (2015) 15:729 Page 8 of 10
Acknowledgements
The authors are grateful to Cath Borwick for advice on literature search
strategies. The work was undertaken with the support of The Centre for the
Development and Evaluation of Complex Interventions for Public Health
Improvement (DECIPHer), a UKCRC Public Health Research Centre of
Excellence. Joint funding (MR/KO232331/1) from the British Heart
Foundation, Cancer Research UK, Economic and Social Research Council,
Medical Research Council, the Welsh Government and the Wellcome Trust,
under the auspices of the UK Clinical Research Collaboration, is gratefully
acknowledged. Joanna Crichton received support from DECIPHer in the form
of a PhD Studentship during the conduct of the study. The study was
supported by the NIHR Health Protection Research Unit in Evaluation of
Interventions. The views expressed are those of the authors and not
necessarily those of the NHS, the NIHR, the Department of Health or Public
Health England.
Author details
1School of Social and Community Medicine, University of Bristol, Canynge
Hall, 39 Whatley Road, Bristol BS8 2PS, UK. 2School of Social and Community
Medicine, University of Bristol, Oakfield House, Oakfield Grove, Bristol BS8
2BN, UK.
Received: 18 December 2014 Accepted: 17 July 2015
References
1. Turner KME, Adams EJ, LaMontagne DS, Emmett L, Baster K, Edmunds WJ.
Modelling the effectiveness of chlamydia screening in England. Sex Transm
Infect. 2006;82(6):496–502.
2. National Chlamydia Screening Programme: Public Health Outcomes
Framework: Annual Chlamydia Diagnosis Rate (15–24 year olds) Frequently
Asked Questions, Revised May 2013. www.chlamydiascreening.nhs.uk/ps/
resources/
Annual_Chlamydia_Diagnosis_Rate_FAQ_May_2013_FINAL_VERSION.pdf.
Accessed 27 July 2015.
3. Evenden D, Harper PR, Brailsford SC, Harindra V. Improving the cost-
effectiveness of Chlamydia screening with targeted screening strategies.
J Oper Res Soc. 2006;57(12):1400–12.
4. Stein CR, Kaufman JS, Ford CA, Leone PA, Feldblum PJ, Miller WC. Screening
Young Adults for Prevalent Chlamydial Infection in Community Settings.
Ann Epidemiol. 2008;18(7):560–71.
5. Gotz HM, van Bergen JE, Veldhuijzen IK, Broer J, Hoebe CJ, Steyerberg EW,
et al. A prediction rule for selective screening of Chlamydia trachomatis
infection. Sex Transm Infect. 2005;81(1):24–30.
6. Gotz HM, Veldhuijzen IK, Habbema JDF, Boeke AJP, Richardus JH, Steyerberg
EW. Prediction of Chlamydia trachomatis infection: Application of a scoring
rule to other populations. Sex Transm Dis. 2006;33(6):374–80.
7. Kretzschmar M, Turner KM, Barton PM, Edmunds WJ, Low N. Predicting the
population impact of chlamydia screening programmes: comparative
mathematical modelling study. Sex Transm Infect. 2009;85(5):359–66.
8. Simms I, Talebi A, Riha J, Horner P, French RS, Sarah R, et al. The English
National Chlamydia Screening Programme: Variations in Positivity in 2007/
2008. Sex Transm Dis. 2009;36(8):522–7.
9. Susser M. The technological paradox of health inequality, and a probe with
a practical tool. J Epidemiol Community Health. 2000;54(12):882–3.
10. Sheringham J, Mann S, Simms I, Stafford M, Hart GJ, Raine R. It matters what
you measure: a systematic literature review examining whether young
people in poorer socioeconomic circumstances are more at risk of
chlamydia. Sex Transm Infect. 2013;89(2):175–80.
11. Parikh S, Brennan P, Boffetta P. Meta-analysis of social inequality and the risk
of cervical cancer. Int J Cancer. 2003;105(5):687–91.
12. Imamura M, Tucker J, Hannaford P, da Silva MO, Astin M, Wyness L, et al.
Factors associated with teenage pregnancy in the European Union
countries: a systematic review. Eur J Pub Health. 2007;17(6):630–6.
13. Johnson SA, Simms I, Sheringham J, Bickler G, Bennett CM, Hall R, et al. The
implementation of chlamydia screening: a cross-sectional study in the south
east of England. Sex Transm Infect. 2010;86(3):217–21.
14. National Chlamydia Screening Programme: The Bigger Picture The
National Chlamydia Screening Programme 2008/09 Annual Report. In.
London; 2009.
15. Adams EJ, Charlett A, Edmunds WJ, Hughes G. Chlamydia trachomatis in
the United Kingdom: a systematic review and analysis of prevalence studies.
Sex Transm Infect. 2004;80(5):354–62.
16. Vajdic CM, Middleton M, Bowden FJ, Fairley CK, Kaldor JM. The prevalence
of genital Chlamydia trachomatis in Australia 1997–2004: a systematic
review. Sex Health. 2005;2(3):169–83.
17. Wilson JS, Honey E, Templeton A, Paavonen J, Mardh PA, Stray-Pedersen B,
et al. A systematic review of the prevalence of Chlamydia trachomatis
among European women. Hum Reprod Update. 2002;8(4):385–94.
18. Low N, Bender N, Nartey L, Shang A, Stephenson JM. Effectiveness of
chlamydia screening: systematic review. Int J Epidemiol. 2009;38(2):435–48.
19. Moher D, Altman DG, Liberati A, Tetzlaff J. PRISMA statement. Epidemiology.
2011;22(1):128. author reply 128.
20. Thompson Reuters: Endnote X7.1. In.; 2013.
21. 12 questions to help you make sense of cohort study [http://www.casp-
uk.net/]
22. Higgins JP. Commentary: Heterogeneity in meta-analysis should be
expected and appropriately quantified. Int J Epidemiol. 2008;37(5):1158–60.
23. Hocking JS, Walker J, Regan D, Chen MY, Fairley CK. Chlamydia
screening–Australia should strive to achieve what others have not. Med
J Aust. 2008;188(2):106–8.
24. Low N, Cassell JA, Spencer B, Bender N, Hilber AM, van Bergen J, et al.
Chlamydia control activities in Europe: cross-sectional survey. Eur J Public
Health. 2012;22(4):556–61.
25. Goulet V, de Barbeyrac B, Raherison S, Prudhomme M, Semaille C,
Warszawski J, et al. Prevalence of Chlamydia trachomatis: results from the
first national population-based survey in France. Sex Transm Infect.
2010;86(4):263–70.
26. van Valkengoed IG, Morre SA, van den Brule AJ, Meijer CJ, Deville W, Bouter
LM, et al. Low diagnostic accuracy of selective screening criteria for
asymptomatic Chlamydia trachomatis infections in the general population.
Sex Transm Infect. 2000;76(5):375–80.
27. Vuylsteke B, Vandenbruaene M, Vandenbulcke P, Van Dyck E, Laga M.
Chlamydia trachomatis prevalence and sexual behaviour among female
adolescents in Belgium. Sex Transm Infect. 1999;75(3):152–5.
28. Van Bergen J, Gotz HM, Richardus JH, Hoebe CJPA, Broer J, Coenen AJT.
Prevalence of urogenital Chlamydia trachomatis increases significantly with
level of urbanisation and suggests targeted screening approaches: Results
from the first national population based study in the Netherlands. Sex
Transm Infect. 2005;81(1):17–23.
29. Klovstad H, Grjibovski A, Aavitsland P. Population based study of genital
Chlamydia trachomatis prevalence and associated factors in Norway: a cross
sectional study. BMC Infect Dis. 2012;12:150.
30. Datta SD, Torrone E, Kruszon-Moran D, Berman S, Johnson R, Satterwhite CL,
et al. Chlamydia trachomatis trends in the united states among persons 14
to 39 Years of Age, 1999–2008. Sex Transm Dis. 2012;39(2):92–6.
31. Eggleston E, Rogers SM, Turner CF, Miller WC, Roman AM, Hobbs MM, et al.
Chlamydia trachomatis Infection Among 15-to 35-Year-Olds in Baltimore,
MD. Sex Transm Dis. 2011;38(8):743–9.
32. Crichton J, Hickman M, Campbell R, Heron J, Horner P, Macleod J.
Prevalence of chlamydia in young adulthood and association with life
course socioeconomic position: birth cohort study. PLoS One.
2014;9(8):e104943.
33. Gravningen K, Furberg AS, Simonsen GS, Wilsgaard T. Early sexual behaviour
and Chlamydia trachomatis infection - a population based cross-sectional
study on gender differences among adolescents in Norway. BMC Infect Dis.
2012;12:319.
34. Fenton KA, Korovessis C, Johnson AM, McCadden A, McManus S, Wellings K,
et al. Sexual behaviour in Britain: reported sexually transmitted infections
and prevalent genital Chlamydia trachomatis infection.[Erratum appears in
Lancet 2002 Jan 12;359(9301):174]. Lancet. 2001;358(9296):1851–4.
35. Bozicevic I, Grgic I, Zidovec-Lepej S, Cakalo JI, Belak-Kovacevic S, Stulhofer A,
et al. Urine-based testing for Chlamydia trachomatis among young adults in
a population-based survey in Croatia: feasibility and prevalence. BMC Public
Health. 2011;11:230.
36. Low N, McCarthy A, Macleod J, Salisbury C, Campbell R, Roberts TE, et al.
Epidemiological, social, diagnostic and economic evaluation of population
screening for genital chlamydial infection. Health Technol Assessment
(Winchester, England). 2007;11(8):iii–iv. ix-xii, 1–165.
37. Sonnenberg P, Clifton S, Beddows S, Field N, Soldan K, Tanton C, et al.
Prevalence, risk factors, and uptake of interventions for sexually transmitted
Crichton et al. BMC Public Health  (2015) 15:729 Page 9 of 10
infections in Britain: findings from the National Surveys of Sexual Attitudes
and Lifestyles (Natsal). Lancet. 2013;382(9907):1795–806.
38. Haar K, Bremer V, Houareau C, Meyer T, Desai S, Thamm M, et al. Risk factors
for Chlamydia trachomatis infection in adolescents: results from a
representative population-based survey in Germany, 2003–2006.
Eurosurveillance. 2013;18(34):18–27.
39. Datta SD, Sternberg M, Johnson RE, Berman S, Papp JR, McQuillan G, et al.
Gonorrhea and Chlamydia in the United States among Persons 14 to 39
Years of Age, 1999 to 2002. Ann Intern Med. 2007;147(2):89–96.
40. Andersen B, Olesen F, Moller JK, Ostergaard L. Population-based strategies
for outreach screening of urogenital Chlamydia trachomatis infections: a
randomized, controlled trial. J Infect Dis. 2002;185(2):252–8.
41. Ostergaard L, Andersen B, Olesen F, Moller JK. Efficacy of home sampling
for screening of Chlamydia trachomatis: randomised study. BMJ.
1998;317(7150):26–7.
42. Munk C, Morre SA, Kjaer SK, Poll PA, Bock JE, Meijer CJ, et al. PCR-detected
Chlamydia trachomatis infections from the uterine cervix of young women
from the general population: prevalence and risk determinants. Sex Transm
Dis. 1999;26(6):325–8.
43. van den Broek IV, van Bergen JE, Brouwers EE, Fennema JS, Gotz HM,
Hoebe CJ, et al. Effectiveness of yearly, register based screening for
chlamydia in the Netherlands: controlled trial with randomised stepped
wedge implementation. BMJ. 2012;345:e4316.
44. Franceschi S, Smith JS, Van Den Brule A, Herrero R, Arslan A, Anh PTH, et al.
Cervical infection with Chlamydia trachomatis and Neisseria gonorrhoeae in
women from ten areas in four continents: A cross-sectional study. Sex
Transm Dis. 2007;34(8):563–9.
45. Fernandez-Benitez C, Mejuto-Lopez P, Otero-Guerra L, Margolles-Martins MJ,
Suarez-Leiva P, Vazquez F. Chlamydial Primary Care G: Prevalence of genital
Chlamydia trachomatis infection among young men and women in Spain.
BMC Infect Dis. 2013;13:388.
46. Miller WC, Ford CA, Morris M, Handcock MS, Schmitz JL, Hobbs MM, et al.
Prevalence of chlamydial and gonococcal infections among young adults in
the United States. JAMA. 2004;291(18):2229–36.
47. Uuskula A, Kals M, Denks K, Nurm UK, Kasesalu L, DeHovitz J, et al. The
prevalence of chlamydial infection in Estonia: A population-based survey. Int
J STD AIDS. 2008;19(7):455–8.
48. Ku L, St Louis M, Farshy C, Aral S, Turner CF, Lindberg LD, et al. Risk
behaviors, medical care, and chlamydial infection among young men in the
United States. Am J Public Health. 2002;92(7):1140–3.
49. Centre for Reviews and Dissemination. Systematic reviews: CRD’s guidance
for undertaking reviews in health care. York: Centre for Reviews and
Dissemination, University of York; 2008.
50. Thompson SG, Higgins JPT. How should meta-regression analyses be
undertaken and interpreted? Stat Med. 2002;21(11):1559–73.
51. Riha J, Mercer CH, Soldan K, French CE, Macintosh M. Who is being tested
by the English National Chlamydia Screening Programme? A comparison
with national probability survey data. Sex Transm Infect. 2011;87(4):306–11.
52. Radcliffe KW, Ahmad S, Gilleran G, Ross JD. Demographic and behavioural
profile of adults infected with chlamydia: a case–control study. Sex Transm
Infect. 2001;77(4):265–70.
53. Low N, Sterne JAC, Barlow D. Inequalities in rates of gonorrhoea and
chlamydia between black ethnic groups in south east London: cross
sectional study. Sex Transm Infect. 2001;77(1):15–20.
54. Van Bergen J, Gotz H, Richardus JH, Hoebe C, Broer J, Coenen T. Prevalence
of urogenital Chlamydia trachomatis infections in the Netherlands suggests
selective screening approaches. Results from the pilot CT population study.
Drugs Today. 2006;42(Suppl A):25–33.
55. Dielissen PW, Teunissen DAM, Lagro-Janssen ALM. Chlamydia prevalence in
the general population: Is there a sex difference? A systematic review. BMC
Infect Dis. 2013;13(1):534.
56. Buffardi AL, Thomas KK, Holmes KK, Manhart LE. Moving upstream: ecosocial
and psychosocial correlates of sexually transmitted infections among young
adults in the United States. Am J Public Health. 2008;98(6):1128–36.
57. Cubbin C, Santelli J, Brindis CD, Braveman P. Neighborhood context and
sexual behaviors among adolescents: Findings from the National
Longitudinal Study of Adolescent Health. Perspect Sex Reprod Health.
2005;37(3):125–34.
58. Santelli JS, Lowry R, Brener ND, Robin L. The association of sexual behaviors
with socioeconomic status, family structure, and race/ethnicity among US
adolescents. Am J Public Health. 2000;90(10):1582–8.
59. Mercer CH, Copas AJ, Sonnenberg P, Johnson AM, McManus S, Erens B, et
al. Who has sex with whom? Characteristics of heterosexual partnerships
reported in a national probability survey and implications for STI risk.
Int J Epidemiol. 2009;38(1):206–14.
60. Sheringham J, Simms I, Riha J, Talebi A, Emmett L, Macintosh M, et al. Will
Chlamydia Screening Reach Young People in Deprived Areas in England?
Baseline Analysis of the English National Chlamydia Screening Programme
Delivery in 2008. Sex Transm Dis. 2011;38(8):677–84.
61. Horner P, Soldan K, Vieira SM, Wills GS, Woodhall SC, Pebody R, et al. C.
trachomatis pgp3 Antibody Prevalence in Young Women in England,
1993–2010. PLoS One. 2013;8(8):e72001.
Submit your next manuscript to BioMed Central
and take full advantage of: 
• Convenient online submission
• Thorough peer review
• No space constraints or color ﬁgure charges
• Immediate publication on acceptance
• Inclusion in PubMed, CAS, Scopus and Google Scholar
• Research which is freely available for redistribution
Submit your manuscript at 
www.biomedcentral.com/submit
Crichton et al. BMC Public Health  (2015) 15:729 Page 10 of 10
